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A COMPAEISON BETWEEN THE KESULTS OF BLOOD 

CULTUEES TAKEN DUEING LIFE AND 

AFTEE DEATH.* 

Norman B. Gwyn, M.B. (Tor.), 

AND 

Norman MacL. Harris, M.B. (Tor.). 

(From the Clinical and Pathological Laboratories of the Johns Hopkins 
University and Hospital.) 

So much has been done in recent years in the bacteriology of 
the blood and internal organs that we are all cognizant of the 
value of this method of diagnosis. In many cases the results of 
blood cultures are the only positive proofs of the nature of the 
infection, particularly in the large group of septicemic cases, 
where in the absence of some of the signs and reactions common 
to the better known infections such as the pulmonary signs, the 
sputum of pneumonia, the reaction of agglutination, and the skin 
pictures of many febrile diseases, the clinician is often much per- 
plexed concerning the nature of the infection or intoxication at 
hand. Frequently at the present day the diagnosis can be made 
during life, and such a diagnosis made early may, with the future 
development of curative anti-sera, assume an importance equal to 
that of the recognition of diphtheria. 

Much oftener, however, owing to a variety of reasons, these 
diagnoses are made postmortem, and the final decision rests with 
the pathologist or bacteriologist, who, however, has the clearness 
of his horizon to a greater or less degree clouded by the following 
facts : First, the occurrence of an agonal or pre-agonal migration 
of bacteria from the intestinal tract or lungs into the general 
circulation ; secondly, the multiplication of organisms in the 
vessels and organs after death either already there, antemortem, 
or by invasion postmortem. 

With regard to the latter it may be said that the wide-spread 
area of occupation in some instances suggests the likelihood of a 
deposition of bacteria in these parts before death, whence they 

* Received for publication March 13, 1905. 
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wander freely postmortem, not by the arteries which are empty, 
but by the venous channels in which the blood remains fluid for 
some hours, or if coagulated, a sufficiency of serum still remains 
to facilitate progression. 

Another factor to be considered in dealing with the presence 
of bacteria in the blood is the action of the bacteriolytic comple- 
ment existing in the plasma. Longcope 1 believed that the 
presence or absence of terminal infections depended largely upon 
the amount of complement in the blood, a conclusion not wholly 
acceptable, since Weaver and Ruediger, 2 Rosenow, 3 Behring 4 and 
others have shown that upon streptococcus and pneumococcus 
normal sera exert no bacteriolytic action whatever. Neverthe- 
less, as Longcope's experiments show, there does exist a certain 
definite antagonism against some bacteria, e. g., B. typhosus and 
B. coli, so that the activity of the complement content of the 
blood cannot be altogether discounted. 

It seemed to us that a comparison of the bacteriological find- 
ings in the blood before and after death could not fail to be more 
than usually instructive, particularly since these results, if show- 
ing any similarity would have a doubly acting significance, the 
postmortem reading confirming the provisional antemortem bac- 
teriological diagnosis. And the antemortem blood condition when 
in agreement with the postmortem would prove the value of this 
method of investigation and show to what extent contaminations, 
"agonal infections," and postmortem bacterial proliferation are to 
be considered in autopsy bacteriology. 

Thanks to the courtesies of Professors Osier and Welch, we 
were enabled to make both ante- and postmortem bacteriological 
examinations of the blood in many cases, and to obtain positive 
results in a series of most interesting, conditions. At autopsy the 
bacteriological investigations were conducted by one of us, while 
the blood cultures during life were taken by the other, using in 
both instances the utmost precautions necessary to reliable results. 
The technique of this operation during life, one which in 
innumerable cases has given us most satisfactory results, is briefly 

1 Univ. Pennsylv. Med. Bull., 1902, 15, p. 331. 

2 Medicine, 1903, 9, p. 515. a Jour. Infect. Dis., 1904, 1, p. 280. * Quoted by Rosenow. 
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as follows, the arm constricted tightly in the upper third, is 
scrubbed with green soap at the elbow fold, then alcohol is applied, 
either poured over, or rubbed over (the former by preference), suc- 
ceeded by an application of ether in a similar fashion, followed by 
bichlorid of mercury 1:10,000-20,000, and lastly more ether or 
alcohol to dry off the skin. A large barrelled syringe (10 to 30 
c.c.) was used and the needle inserted into one of the now 
prominent veins, several syringefuls of blood were frequently 
taken and either put into liquid media (broth, or milk and broth) 
or plated out in agar. These two methods of culture were 
employed, the first to diminish any bactericidal action by suffi- 
ciently diluting the blood, the second to avoid spoiling results by 
contamination, and to give an idea of the number of organisms 
present in the blood. At autopsy the cultures were preferably 
made from the heart's blood, the pericardium being burned with 
a red hot blade and opened with a lance, then the auricular heart 
muscle being similarly treated, a large platinum loop needle, or 
at times a small pipette, was introduced into the auricle and cul- 
tures made in agar plates, coverslips of the blood being usually 
taken at the same time, and cultures made from other organs. 

The objections to the reliability of blood, cultures, namely the 
possibility of taking contaminating organisms into consideration 
as infecting agents, requires a few words. When once a good 
technique had been established it was soon found that cultural 
results during life were in an overwhelmingly large per cent of 
cases quite sterile. In a few instances, not regularly, as one 
might imagine, knowing the difficulty experienced in sterilizing 
the skin, staphylococcus pyogenes albus in limited numbers, one 
or two colonies per plate, would appear in spite of all precautions. 
In direct proportion to lack of care in sterilizing apparatus, the 
ever present hay bacillus might be expected to overgrow the plates 
and tubes while other members of the contaminating horde might 
be met with. In a series of blood cultures embracing perhaps 
several hundreds of cases these two bacteria were practically the 
only contaminating organisms coming under our observation. It 
may be well to remark that we have never in our experience found 
unexpectedly or as contaminators in our cultures such prevalent 
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organisms as streptococcus pyogenes, B. coli, or staphylococcus 
pyogenes aureus, the plate method of culture having always to 
our mind been of great assistance in helping to rule out contami- 
nations. Positive results give as a general rule several or many 
colonies per c.c. of blood in a plate; contaminating organisms, 
unless gross carelessness has been displayed, rarely number more 
than one or two colonies in a plate; in liquid media, of course, a 
contaminating microorganism may generally overgrow an infect- 
ing agent from the blood. 

The ease with which positive results are now obtained in some 
of our well known clinically recognizable diseases such as pneu- 
monia and typhoid fever, overrules most objections hitherto 
raised against the reliability of the procedure, and it is part of 
our task to show to what extent we may rely upon cultures to 
prove the existence of other less easily determinable infectious 
processes. 

Many objections are urged against accepting unreservedly the 
results of postmortem bacteriology and many of these objections 
cannot be opposed. In from four to six hours after death some 
of the common organisms of the intestine are to be found in the 
neighboring organs unless the body has been carefully and 
immediately put in the refrigerator ; this militates at once against 
many so-called colon-infections and infections supposedly due to 
similar and allied organisms. The presence of a single prevailing 
organism in exudates and inflammatory lesions may usually be 
accepted as evidence that the particular organism is the infecting 
agent, but infection of postmortem fluid transudates, in any of the 
serous cavities, is common and may occur early; the absence, 
however, of inflammatory reaction, in such cases, should prevent 
false interpretations of bacteriological results. We also recognize 
in routine work certain organisms as being more likely to be con- 
taminating than infecting agents. 

In cases of general infections, the subject with which we have 
to do, we are dealing with a fluid medium, the blood, which fur- 
nishes an avenue of connection between all parts of the body, and 
hence is open to all manner of infections, the sources of which, 
in many cases are apparent (local lesions) in many others are 
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obscure, as typhoid fever, pneumonia, rheumatism, epidemic 
cerebro-spinal meningitis (granting consideration to the general 
infection idea of these diseases). Postmortem invasion and 
infection of the blood from many sources is possible ; postmortem 
proliferation of a few wandering organisms may give the bacteri- 
ological findings the appearance of a severe general infection; 
a postmortem contamination may obscure all bacteriological 
results. These are the general suppositions, it remains to be seen 
to what extent they are absolute, to what extent they are to be 
considered, practically, in other words, what credence may be 
given to reports of infections based on autopsy findings. As 
we have already stated, a correspondence between the blood cul- 
tures results before death and the postmortem cultural findings 
would cover all these points, and prove the value of the method 
of diagnosis. 

Our table gives in detail the histories of the cases and the 
combined bacteriological reports. 

Of fourteen cases considered there are seven in which the ante- 
mortem and postmortem results are absolutely the same; two in 
which the same organisms were present before and after death, 
but with the addition of another infecting or contaminating 
microbe in the postmortem cultures ; five in which the antemortem 
results are not confirmed by the postmortem findings, or which 
show radical differences in cultural results. 

In regard to the first group of cases, the seven showing abso- 
lute agreement in the antemortem and postmortem results, it need 
only be said that they are conclusive evidence of the value of 
blood culture and show that postmortem results may be accepted 
in a large per cent of cases. Closer inspection of the two next 
mentioned cases, Nos. 7 and 9, show that the postmortem differ- 
ence is clearly due to an additional infection. 

In No. 7 the deposition of streptococci and staphylococcus 
pyogenes aureus in the kidney and urine must be considered as 
happening in the so-called agonal period, their source from a 
local infection in the pleural exudate is apparent ; cultures from 
the blood eight hours antemortem showed no sign of their pres- 
ence, merely the heavy typhoid infection. 
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TABLE 2. 
Summary of Cases in which Antemoetem and Postmortem Cultures Differ. 



Antemortem 



Meninges, knee joint, blood. 
Meningococcus. 



Typhoid severe. 

Blood B. coli. 

No agglutination with B. coli. 

6. 

Arterio-sclerosis : temperature ; 

pneumonia. 
Death afebrile. 
An aerobic streptococcus. 



Typhoid fever. 

B. t typhosus in blood, and seen 

in fresh blood : B. typhosus in 

urine. 

8. 

Arterio-sclerosis ; endocarditis ; 
Staphyl. aureus. 

9. 

Lymphatic anemia, chronic. 

Irregular temperature; broncho- 
pneumonia ; streptococci in 
blood. 

14. 

Pericarditis ; pneumonia. 

Blood cultures, streptococcus. 



Time of Culture 



20 hours A. M. 



4 cultures : 3 neg., 
1 pos., 24 hours 
A.M. 



Few hours A. M. 



6 to 8 hours A. M. 



3 days A. M. 



24 hours A. M. 



A few hours A. M. 



Postmortem 



Meningococcus from cord, brain and 

meninges. 
Pneumococcus in blood and lungs. 

B. typhosus in liver, spleen, retro- 
peritoneal glands, mesenteric 
glands and gall-bladder. 

Streptococci in ulcers of larynx, 
oesophagus and heart's blood. 

Bacillus coli in kidney. 

Blood negative. 



B. typhosus in blood, liver, bile, 
spleen, kidney, peritoneal cavity, 
urine and pleura; streptococcus 
and staphylococcus aureus in kid- 
ney-pelvis, pleura and urine. 

Bac . in blood and peritoneal cav.. 
Staph, aureus and albuson mitral 
valve. 

Streptococcus in blood, spleen, peri- 
toneal cavity, inguinal glands, and 
edematous tissues in neighbor- 
hood ; mic. lanceolatus in lung. 

Micrococcus lanceolatus from peri- 
cardial exudate, and pneumonic 
area in lung. 



In No. 9 a suspected bronchopneumonia as evidenced by 
temperature and dyspnea probably allowed, and explains, the 
presence of the pneumococci in the blood and tissues, they not 
being present 24 hours antemortem. 

In the last group of cases, five show considerable lack of 
correspondence between the ante- and postmortem cultures, and 
are more difficult of reconciliation. 

No. 1, a case of epidemic cerebrospinal meningitis, the first 
reported instance of general infection with the meningococcus, 
the development of pneumonia explains the presence of the 
pneumococci in the blood postmortem. The non-development of 
meningococcus in the postmortem blood cultures may have been 
due to the feeble vitality of the organism, rendering cultivation 
difficult, or to their scarcity in or disappearance from the blood. 

Case 5, a severe typhoid; four blood cultures failed to show 
the presence of the typhoid bacillus, in spite of the apparent 
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heavy infection found postmortem. The isolation of B. coli in 
this case 24 hours before death under such conditions is interest- 
ing and may be taken as an instance of a transitory bacteremia 
with its point of origin in some portion of the ulcerated intestinal 
tract; and since there was no serum reaction present in the blood 
for this bacillus, we must recognize that in this and similar cases 
infection of the blood stream may take place in the death agony, 
beclouding actual conditions and giving rise to varied postmortem 
results. Furthermore, a negative result, as is well known, may 
be met with several times in succession in this disease, so that the 
discrepancy is more seeming than real. 

In Case 6, the lack of postmortem confirmation may have been 
due, on the one hand, to the disappearance of the organism from 
the circulation; on the other, to difficulty in cultivation or in 
not having taken a sufficiency of blood. The presence of B. coli 
may be held in the light of a postmortem migration. 

The divergence of results in Case 8 meets with a possible 
explanation upon the grounds of a frank agonal or postmortem 
invasion ; for the unidentified bacillus could scarcely have escaped 
recognition in the antemortem culture had it been present, con- 
sidering its apparent widespread distribution. Staphylococcus 
aureus appearing in the mitral valve and not in the blood, might 
be accounted for by its being suppressed by the swarming in of 
the strange bacillus into the circulation or being crowded out in 
the plate. The presence of staphylococcus albas may possibly be 
due to an error in diagnosis, knowing as we do that some of the 
colonies amongst pigment producing bacteria at times fail to show 
pigment and their descendants for some generations may remain 
colorless. 

The lack of harmony in Case 14 is undoubtedly caused by the 
development of pneumonia resulting in an admixture of organ- 
isms in the blood stream, with consequent difficulty of differen- 
tiation of the two types of colonies on the plate, the pneumonic 
infection being largely in the nature of an agonal one. 

It will be seen, therefore, in such groups of divergent case 
results that no serious objections can be raised against the value 
of blood cultures during life. Failures or lack of harmony with 
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postmortem results may be caused, in the first place, by the non- 
appearance of organisms in the circulation in spite of the very 
definite clinical picture of an infection, due to causes at the pres- 
ent time imperfectly understood^ in the second place, as was pre- 
viously pointed out, to agonal or postmortem invasion by such 
organisms of the intestinal group as B. coli and its close relatives. 
In our experience infection during life with B. coli was a rare 
occurrence, and may be looked for where the gates are very 
widely open, as in conditions of extensive ulceration of the intes- 
tinal tract, or where there is lessened bactericidal action on the 
part of the blood toward such relatively feeble organisms as the 
members of the colon group. 

Illustrative of a variety of conditions influencing the bacterio- 
logical results postmortem, we present a series of cases taken at 
random and shown in Table 3. 

Without going into an exhaustive analysis of the cases, there 
are certain conditions worthy of remark. There is observable in 
Cases 1, 4, 5, and 9 a very definite polybacterial infection, due to 
■doubtless to several factors; e. g., postmortem invasion, or multi- 
plication of bacteria already there (5 and 9), to secondary local 
infection (1 and 4), or to the length of time existing between the 
death of the individual and the taking of cultures. 

For unknown reasons, Cases 2, 6, and 8, all with surgical 
aspects, curiously enough do not supply us with as complex a 
picture as might be expected. 

In cases illustrative of specific infective diseases, as typhoid 
fever and pneumonia — Cases 1, 4, 7, and 8 — the bacteriological 
findings confirm the anatomical diagnosis by the recovery of the 
specific microbes from the tissues. The failure to isolate Mic. 
lanceolatus where frank lobar pneumonia existed, in Cases 4 and 
5, was caused, in all likelihood, by the accompanying polybacterial 
infection either totally suppressing growth or rendering it unob- 
servable on the agar plates. 

Any activity of the bactericidal power of the blood exhibited 
in these cases seems to be present in some degree in Cases 3 and 
10, in the latter as long as 13^ hours after death. 

It is evident from a perusal of the above table that with few 
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TABLE 3. 



Num- 
ber 


Anatomic Diagnosis 


Time 
after Death 


Bacteriological Results 


1.... 


Typhoid fever. 


5 hrs. 


B. typhosus: spleen, gall-bladder, 




Bronchopneumonia. 




mesenteric glands, and bone-mar- 
row. 
Streptococcus ) 
Staphylococcus pyogenes > Lung, 
aureus ) 


2.... 


Perforation of duodenal ulcer. 


5 hrs. 


B. coli : heart's blood, spleen, gall- 




General peritonitis. 




bladder, and peritoneal cavity. 
Streptococcus : peritoneal cavity. 


3.... 


Perforation of duodenal ulcer. 


2 hrs. 


Sterile: heart's blood. 




General peritonitis. 




Mic. lanceolatus : lung. 




Bronchopneumonia. 






4.... 


Typhoid fever. 


31 hrs. 


B. typhosus: gall-bladder and 
spleen. 




Lobar pneumonia. 










B. coli "1 








Streptococcus l-Timc 
Staphylococcus pyogenes f 1 -" 111 *' 
aureus J 








5.... 


Lobar pneumonia. 


12% hrs. 


Staphylococcus pyogenes ) 




Bronchopneumonia. 




albus > Lung. 




Abscess of parotid gland. 




B. lactis aerogenes ) 




Acute endocarditis. 




Bacillus (unidentified): lung, 
heart's blood, and parotid abscess. 


6.... 


General peritonitis following 


12 hrs. 


Streptococcus: spleen, liver, and 




colostomy. 




kidney. 


7.... 


Lobar pneumonia. 


8 hrs. 


Mic. lanceolatus : heart's blood and 




Pericarditis. 




lung. 
Sterile: spleen, and bronchial 

glands. 


&.... 


Typhoid fever. 


20 hrs. 


B. typhosus : spleen, liver, and gall- 




Perforation. 




bladder. 
B. coli : liver. 


9.... 


Hemorrhagic infarct of lung. 
Thrombosis of branch of pulmo- 


1354 hrs. 


Streptococcus: heart's blood and 






thrombus. 




nary artery going to lower lobe. 
Acute bronchopneumonia. 




B. pseudo-diphthericus : infarct. 






Staphylococcus pyogenes ) T|..„ m 








aureus }• i," 
B.coli ) bus ' 


10.... 


Chronic endocarditis. 


13Yi hrs. 


Sterile : heart's blood. 



exceptions uncontrolled postmortem findings must always be of 
more or less doubtful value, particularly if taken several hours 
after death and not associated with marked clinical symptoms. 
We must recognize, too, that almost all, if not all, the common 
bacteria of the intestines— particularly B. coli, B. lactis aerogenes, 
Streptococcus pyogenes, and B. pseudodiphthericus — may be met 
with in the circulatory channels and organs, probably as contami- 
nating postmortem invaders, although one must admit that the 
mode of their entrance is not at all times clear. And it is here 
especially worthy of mention that the mere presence of these 
organisms in the blood should never be accepted as indisputable 
evidence of general infection, unless there exists confirmatory 
antemortem cultural findings, or definite clinical facts, such as 
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local lesions or the acknowledged signs of specific infectious 
diseases. 

The presence of a variety of organisms on a plate at one time 
is always suggestive of contamination, unless there exists evidence 
of two distinct infective processes, as typhoid fever and pneumo- 
nia; but even such conditions as perforative peritonitis may show 
surprisingly paradoxical results on investigation of the inoculated 
media. 

The presence or absence of the bactericidal power of the blood 
is, as Longcope has pointed out, probably responsible to a con- 
siderable degree for the great variation seen in a lengthy series 

of cases. 

CONCLUSIONS. 

As a result of our study of correlated ante- and postmortem 
cultures we offer the following conclusions : 

1. That within certain time limits postmortem bacteriological 
methods afford trustworthy means of determining or confirming 
the presence of many of the well-known infectious processes. 

2. That the more often a marked antemortem infection is 
present, the greater probability there is of finding an uncompli- 
cated postmortem bacteriological result, provided the investiga- 
tion is carried on within a reasonable time after death, say 12 
hours. 

3. That a bacteremia due to the common organisms of the 
intestinal tract and the so-called "agonal invasions" of the blood 
stream do occur, yet they should not be assumed to be present 
with any great degree of frequency. 

4. That the role played by the bacteriolytic complements is 
probably considerable, although not entirely explaining in some 
cases the negative results during life with positive results after 
death, or vice versa. 

5. That in view of the constant number of clinically unrecog- 
nized general infections in our hospitals, and the future possibili- 
ties of serum treatment, bacteriological investigation of the blood 
stream both before and after death should be more generally 
encouraged and practiced. 



